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PREFACE

This document is part of the Cdifornia Wildlife Habitat Relationships (CWHR) System
operated and maintained by the Cdifornia Department of Fish and Game (CDFG) in
cooperation with the Caifornia Interagency Wildlife Task Group (CIWTG). Thisinformation
will be useful for environmenta assessments and wildlife habitat management.

The gtructure and style of this seriesis basicaly consstent with the "Habitat Suitability Index
Models' or "Bluebook” series produced by the USDI, Fish and Wildlife Service (FWS) since
1981. Moreover, models previoudy published by the FWS form the basis of the current
moddsfor dl peciesfor which a"Bluebook” isavaladle. Asisthe casefor the "Bluebook”
series, this CWHR seriesis not copyrighted because it is intended that the information should be
asfredy avalable as possble. Infact, it is expected that these products will evolve rapidly over
the next decade.

This document consists of two mgor sections. The Habitat Use Information functions as an up-
to-date review of our current understanding regarding the basic habitat requirements of the
gpecies. Thissection typicaly builds on prior publications, including the FWS " Bluebook™
series. However, the Habitat Suitability Index (HS) Modd section is quite different from
previoudy published modds. All modelsin this CWHR series are designed as macros

(AML computer programs) for use with ARC/INFO geographic information system (GIS)
software running on a UNIX platform. As such, they represent a step up in mode redismin
that patial issues can be dedt with explicitly. They are"Leve 11" modesin contrast to the
"Leve I" (matrix) moddsinitidly available in the CWHR System. For example, issues such as
habitat fragmentation and distance to habitat elements may be dedlt with in spatidly explicit
"Leve I1" models. Unfortunately, amgjor congraint remains the unavailability of mapped
habitat information most useful in defining a given species habitat. For example, there are no
readily available maps of snag dengity. Consequently, the mode s in this series are compromises
between the need for more accurate models and the cost of mapping essentia habitat
characteridics. It is hoped that such congraints will diminishiin time.

While "Level 11" modds incorporate spatia issues, they buld on "Levd 1", nongpetid modds
maintained in the CWHR System. Asthe matrix modes are field tested, and occasiondly
modified, these changes will be expressed in the spatial models aswell. In other words, the
continudly evolving "Leve " modds are an integrd component of the GIS-based, spatia
models. To usethese"Leve 11" modds one must have (1) UNIX-based ARC/INFO with
GRID module, (2) digitized coverages of CWHR habitat types for the area under study and



habitat el ement maps as required for a given species, (3) the AML presented in this document,
and (4) acopy of the CWHR database. Digita copies of AMLs are available from the
CWHR Coordinator at the CDFG.

Unlike many HS models produced for the FWS, this series produces maps of habitat suitability
with four classes of habitat qudity: (1) None (2) Low; (3) Medium; and (4) High. These maps
must be considered hypothesesin need of testing rather than proven cause and effect
relationships, and proper use of the CWHR System requires thet field testing be done. The
maps are only an initid "best guess' which professond wildlife biologists can use to optimize
ther fidd sampling. Reliance on the maps without fidd tegting is risky even if the habitat
information is accurate.

The CDFG and CIWTG strongly encourage feedback from users of this modd and other
CWHR components concerning improvements and other suggestions that may increase the
utility and effectiveness of this habitat- based gpproach to wildlife management planning.
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VAGRANT SHREW (Sorex vagrans)
HABITAT USE INFORMATION
Generd

The vagrant shrew (Sorex vagrans) isfound from southern British Columbia south aong the
coast to northern Cdifornia. The range extends inland through western Montana and Wyoming,
Utah, western Colorado, through eastern Arizona and western New Mexico. In Cdifornia, the
vagrant shrew is common to abundant in the Sierra Nevada and Cascades from the Oregon
border to northern Inyo County, and aong the coast from the Oregon border to Monterey Bay.
Vagrant shrews can be found in Cdiforniafrom sealeve to 3,750 m (12,000 ft) in a variety of
habitats (Burt and Grossenheider 1976; Zeiner et d. 1990).

Food

Vagrant shrews feed mainly on invertebrates such asinsects, insect larvae, worms, snals, dugs,
and spiders. They dso eat fungi, smal mammals, roots, young shoots, and probably seeds
(Moore 1940; Clothier 1955; Whitaker and Maser 1976; Zeiner et d 1990). Whitaker et d.
(1983) reported they ate more flying insects and caterpillars, and fewer terrestria insects and
worms, when grazing pressure was heavy.

They forage under litter on moist surfaces, underground, and in moist accumulations of deed
plant materid. They often forage in the runways of voles (Microtus spp.) (Whitaker and Maser
1976). They actively forage 24 hours a day.

Water

This species may require water. Clothier (1955) reported that vagrant shrews were not found
farther than 180 m (600 ft) from water. In Colorado, Spencer and Pettus (1966) captured
shrews an average of 45 m (148 ft) from water. They decided that habitat structure was more
important in determining shrew ditribution than proximity of weter. In astudy in Cdifornia,
Ingles (1961) found shrews only in moist habitats.

Cover

Vagrant shrews prefer dense litter or ground cover (Hawes 1977; Zeiner et d. 1990). They do
not tunnel in soil like many other shrew species, but create tunnelsin legf litter or ground cover,
or usevolerunways. Terry (1981) found a positive correlation between vagrant shrew
abundance and the depth of the soil organic layer and the humus depth.



They are often found in patchy, open areas with wet microhabitats such as damp meadows and
stream banks. Along the coast, the vagrant shrew prefers more open, grassy Stuations than the
forest dwelling shrews S. pacificus and S. trowbridgii. Inthe Sierra Nevada, the vagrant
ghrew tends to occur at lower elevations and have a weaker relationship to water than the
dusky shrew (Sorex monticolus) (Ingles 1961; Spencer and Pettus 1966; Hennings and
Hoffmann 1977). In Washington, Terry (1981) found that vagrant shrew abundance was
negatively correlated with tal tree cover and percent shrub cover. In Colorado, Spencer and
Pettus (1966) found this shrew utilizing wet meadow-bog habitat more than the surrounding
forest or clear-cut areas. Ingles (1961) found few vagrant shrews outside of wet meadowsin a
Cdifornia study.

S v. haliocetesis restricted to st marshesin San Francisco Bay. These shrews prefer alow,
dense cover of Salicornia, and occur in low dengties (Williams 1986).

Reproduction

The vagrant shrew makes anest of dry grass, moss, or other materias under logs, roots, or
dense vegetation. Brood nests are usudly round or ovd, 9-14 cm (3.5-5.5in) in diameter and
5-7 cm (2.0-2.8in) in height. Congtruction conssts of aloose outer layer and a more compact
inner layer. Inner nesting chambers are from 2-3 cm (0.8-1.2 in) in diameter, with one or two
exits (Hooven et d. 1975; Zeiner et d. 1990).

After a 20-day gestation period, most young are born from March to May. There may bea
second peak of birthsin August and September. Litter Size averages 6 with arange of 2-9
young. There are oneto two (rarely three) litters per year. The young are weaned 16-20 days
after birth. Femaes may breed in their firgt year, and the maximum life gpan is about 16 months.

Most shrews do not live to breed a second year (Clothier 1955; Hooven et a. 1975; Zeiner et
al. 1990).

Interspersion and Composition

Breeding home ranges for vagrant shrews averaged 0.33 ha (0.82 ac) and ranged from 0.07-
0.53 ha (0.18-1.3 ac) (Hawes 1977). Nonbreeding home ranges averaged 0.10 ha (0.26 ac)
and ranged from 0.05-0.20 ha (0.13-0.49 ac) (Hawes 1977). Juvenile home ranges were
smilar to those of nonbreeding adults.

Adult vagrant shrews are solitary except for the breeding season, when there is extensive home
range overlap. Adults begin defending their home ranges from other adults (not juveniles) in late
summer and continue to do so until the next mating season (Zeiner et d. 1990).



Speciad Congderations

S v. halicoetes isredtricted to sat marshes in the San Francisco Bay area. Mot suitable
habitat has been logt to development. The vagrant shrew occurs in low dendties and may
require protection. Sv. halicoetes isa California Species of Specid concern (Williams 1986).

HABITAT SUITABILITY INDEX (HS) MODEL

Model Applicability

Geographic Area

The Cdifornia Wildlife Habitat Relationships (CWHR) System (Airola 1988; Mayer and
Laudendayer; 1988, Zeiner et d. 1990) contains habitat ratings for each habitat type predicted
to be occupied by vagrant shrew in Cdifornia

Season

Thismode is designed to predict the suitability of habitat for vagrant shrews throughout the
year. The modd works best at predicting habitat suitability for breeding habitat..

Cover Types

Thismode can be used anywherein Cdifornia for which an ARC/INFO map of CWHR
habitat types exists. The CWHR System contains suitability ratings for reproduction, cover, and
feeding for dl habitats vagrant shrews are predicted to occupy. These ratings can be used in
conjunction with the ARC/INFO habitat map to modd wildlife habitat suitability.

Minimum Habitat Area

Minimum habitat areais defined as the minimum amount of contiguous habitat required before a
pecies will occupy an area. Specific information on minimum areas required for vagrant shrew
was not found in the literature. Thismode assumes two home rangesis the minimum area
required to support a vagrant shrew population during the breeding season.

Verification Level

The spatid modd presented here has not been verified in the fidld. The CWHR suitability



values used are based on a combination of literature searches and expert opinion. We strongly
encourage field testing of both the CWHR database and this spatia moded!.

Model Description
Overview

This modd uses CWHR habitat type as the main factor determining suitability of an areafor this
Species.

A CWHR habitat type map must be congtructed in ARC/INFO GRID format as a basisfor the
model. The GRID module of ARC/INFO was used because of its superior functiondity for
gpatid modding. Only crude spatid modding is possible in the vector portion of the
ARC/INFO program, and much of the modeling done here would have been impossible without
the abilities of the GRID module. In addition to more sophisticated modeling, the GRID
modul€e' s execution speed is very rapid, dlowing acomplex model to run in lessthan

30 minutes.

The following sections document the logic and assumptions used to interpret habitat suitability.
Cover Component

A CWHR habitat map must be constructed. The mapped data (coverage) must bein
ARC/INFO GRID format. A grid isa GIS coverage composed of amatrix of information.
When the grid coverage is created, the size of the grid cdll should be determined based on the
resolution of the habitat data and the home range size of the species with the smalest home
range in the study. Y ou must be able to map the home range of the smallest specieswith
reasonable accuracy. However, if the cell Sze becomestoo smadll, data processing time can
increase consderably. We recommend agrid cell sze of 30 m (98 ft). Each grid cell can be
assigned attributes. Theinitid map must have an attribute identifying the CWHR habitat type of
each grid cdl. A CWHR suitability valueis assgned to each grid cell in the coverage based on
its habitat type. Each CWHR habitat israted as high, medium, low or of no value for each of
three life requidites. reproduction; feeding; and cover. The geometric mean vaue of the three
suitability values was used to determine the base value of each cdll for thisandyss.

Distance to Wate
No water requirement was found for this species.

Soecies Distribution



The study areamust be manualy compared to the range maps in the CWHR Species Notes
(Zeiner et d. 1990) to ensure that it is within the species range. All grid cdls outsde the
gpecies range have a suitability of zero.

Spatial Analysis

Ideally, a spatia modd of distribution should operate on coverages containing habitat €ement
information of primary importance to a species. For example, in the case of woodpeckers, the
sze and density of snags as well as the vegetation type would be of greet importance. For
many small rodents, the amount and size of dead and down woody materia would be
important. Unfortunately, the large cost involved in collecting microhabitat (habitat eement)
information and keegping it current makes it likely that geographic information system (GIS)
coverages showing such information will be unavailable for extensve areas into the foreseegble
future.

The model described here makes use of readily available information such as CWHR habitat
type, elevation, dope, aspect, roads, rivers, streams and lakes. The god of the modd isto
eliminate areas that are unlikely to be utilized by the pecies and lessen the vadue of margindly
suitable areas. It does not attempt to address dl the microhabitat issues discussed above, nor
doesit account for other environmentd factors such as toxins, competitors or predators. If and
when such information becomes available, this modd could be modified to make use of it.

In conclusion, field surveyswill likely discover that the species is not as widespread or abundant
as predictions by this model suggest. The mode predicts potentidly available habitat. There are
avaiety of reasons why the habitat may not be utilized.

Definitions

Home Range: the arearegularly used for dl life activities by an individua during the season(s)
for which thismodd is applicable.

Dispersal Distance: the distance an individud will disperse to establish anew homerange. In
thismodd it is used to determine if Potential Colony Habitat will be utilized.

Day to Day Distance: the digance an individud iswilling to travel on adaily or semi-daily
bassto utilize a distant resource (Potential Day to Day Habitat). The distance used in the
model isthe homerangeradius. Thisis determined by caculating the radius of acirclewith an
area of one home range.



CoreHabitat: acontiguous areaof habitat of medium or high qudity that has an area greater
than two home ranges. This habitat isin continuous use by the species. The speciesis
successful enough in this habitat to produce offspring that may disperse from this areato the
Colony Habitat or Other Habitat.

Potential Colony Habitat: acontiguous areaof habitat of medium or high qudity that has an
area between one and two home ranges. It is not necessarily used continuoudy by the species.
The distance from a core areawill affect how often Potential Colony Habitat is utilized.

Colony Habitat: Potentia Colony Habitat that is within the dispersal distance of the species.
These areas recelve thar full origind vaue unless they are further than three home range radii
from acore area. These digtant areas receive avaue of low since thereis alow probability that
they will be utilized regularly.

Potential Day to Day Habitat: anareacof high or medium qudity habitat less than one home
range, or habitat of low quality of any sze. This piece of habitat doneistoo smal or of
inadequate quality to be Core Habitat.

Day to Day Habitat: Potentid Day to Day Habitat that is close enough to Core or Colony
Habitat can be utilized by individuals moving out from those areas on aday to day bass. The
grid cell must be within Day to Day Distance of Core or Colony Habitat.

Other Habitat: contiguous aress of low vaue habitat larger than two home rangesin Sze,
including smdl areas of high and medium quality habitat that may be imbedded in them, are
included as usable habitat by the species. Such areas may act as“snks’ because long-term
reproduction may not match mortdity.

The table below indicates the specific distances and areas assumed by this moded!.

Distance variables; Meters Feet

Dispersd Distance 4,500 14,765

Day to Day Digtance/ 72 236
Home Range radius

Areavariables Hectares M? Acres Ft?

Home Range 1.62 16,188 4 174,240
Core Habitat 3324 3 32,376 38 3 348,480




Application of the Model

A copy of the ARC/INFO AML can be found in Appendix 1. The steps carried out by the
macro are asfollows:

1. Determine CoreHabitat: thisisdone by firs converting al medium qudity habitat to high
qudity habitat and removing dl low vadue habitat. Then contiguous areas of habitat are grouped
into regions. The area of each of the regionsis determined. Those large enough (3 two home
ranges) are maintained in the Core Habitat coverage. If no Core Habitat isidentified then the
model will indicate no suitable habitat in the study area.

2. ldentify Potential Colony Habitat: using the coverage from Step 1, determine
which regions are one to two home rangesin sze. These are Potentia Colonies.

3. Identify Potential Day Use Habitat: usng the coverage derived in Step 1, determine
which areas qudify as Potentia Day to Day Habitat.

4. Calculatethe Cost Grid: snceit is presumed to be more difficult for animasto
travel through unsuitable habitat than suitable habitat, we use a cost grid to limit travel based on
habitat suitability. The cost to travel is one for high or medium quality habitat. This means that
totravel 1 m  through this habitat costs 1 m of Dispersal Distance. The costto travel through
low quality habitat is two and unsuitable habitat costsfour. This meansthat to travel 1 m
through unsuitable habitat costs the species 4 m of Dispersal Distance.

5. Calculatethe Cost Distance Grid: acost distance grid containing the minimum cogt to
travel from each grid cell to the closest Core Habitat isthen calculated using the Cost Grid
(Step 4) and the Core Habitat (Step 1).

6. Identify Colony Habitat: based on the Cost Distance Grid (Step 5), only Potentia
Colony Habitat within the Dispersal Distance of the speciesto Core Habitat is retained.
Colonies are close enough if any cdl in the Colony iswithin the Dispersal Distance from Core
Habitat. The suitability of any Colony located further than three home range radii from a Core
Habitat is changed to low snceit isunlikdy it will be utilized regularly.

7. Createthe Core+ Colony Grid: combinethe Core Habitat (Step 1) andthe  Colony
Habitat (Step 6) and calculate the cost to travel from any cell to Core or Colony Habitat. This
is used to determine which Potential Day to Day Habitat could be utilized.



8. ldentify Day to Day Habitat: grid cdlsof Day to Day Habitat are only accessible to the
speciesif they arewithin Day to Day Distance from the edge of the nearest Core or Colony
Habitat. Add these areas to the Core + Colony Grid (Step 7).

9. Add Other Habitat: large areas (3 two home rangesin sze) of low vaue habitat, possibly
with smdl areas of high and medium habitat imbedded in them may be utilized, dthough
marginaly. Add these areas back into the Core + Colony + Day to Day Grid (Step 8), if any
exig, to create the grid showing areas that will potentidly be utilized by the species. Each grid
cdl containsaoneif itisutilized and azero if it isnat.

10. Restore Values: dl areasthat have been retained as having positive habitat vaue receive
ther origind geometric mean vaue from the origind geometric vaue grid (see Cover
component section) with the exception of distant colonies. Digtant colonies (colonies more than
three home range radii distant) have their value reduced to low because of the low likelihood of
utilizetion.

Problemswith the Approach
Cost

The cogt to travel across low suitability and unsuitable habitat is not known. Itislikdy that itis
quite different for different species. This modd incorporates a reasonable guess for the cost of
movement. A smdl bird will cross unsuitable habitat much more easly than asmdl mammdl.
To some extent differencesin agility between speciesis accounted for by different estimates of
dispersa distances.

Dispersal Distance

The distance animas are willing to disperse from their nest or den Steis not well understood.
We have used distances from studies of the species or Smilar species when possible, otherwise
first approximations are used. More research is urgently needed on wildlife disperd.

Day to Day Distance

The distance animas are willing to travel on aday to day basis to use distant resources has not
been quantified for most species. Thisissueisless of aconcern than dispersal distance since the
possible distances are much more limited, especidly with smal mammads, reptiles, and
amphibians. Home range sizeis assumed to be correlated with this coefficient.



SOURCES OF OTHER MODELS

No other habitat models were found for the vagrant shrew.
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APPENDIX 1: Vagrant Shrew Macro

I* VAGRANT SHREW

/* vshmodel.aml - This macro creates an HSI coverage for the
/* vagrant shrew in California.

/*Version: Arc/Info 6.1 (Unix), GRID-based model.

/* Authors: Irene Timossi, Sarah Miller, Wilde Legard,

/* and Reginald H. Barrett
/* Department of Forestry & Resource Management
/* University of California, Berkeley

/* Note: the user of this macro must have a thorough understanding
/* of ARC/INFO GRID before attempting to interpret this macro.

/* (See the ARC/INFO GRID Command References manual, ESRI,
/* Redlands, CA).

/* The user must also have access to the documentation which
/* accompanies this macro: Habitat Suitability Models for Use
I* with ARC/INFO: Vagrant shrew.

/* Revision: 1/15/95

/*

/* convert .ID to uppercase for info manipulations

&setvar .ID [translate %.1D%]

[* Start Grid

grid

P

&type (1) Initializing Constants...

/* Homerange: the size of the species' homerange.

/* DayPay: The amount the species is willing to pay traveling on
/* aday-to-day basis. Used to determine the area utilized on a
/* day-to-day basis.

/* DispersePay: Distance traveled when dispersing. The amount
/* the animal is willing to pay when dispersing from a core area.

11



/* High: The value in the WHR grid which indicates high quality habitat.
/* Medium: The value in the WHR grid which indicates medium quality habitat.

/* Low: The value in the WHR grid which indicates low quality habitat.
/* None: The value in the WHR grid which indicates habitat of no value.

/* SpecCode: The WHR code for the species

/* AcreCalc: The number needed to convert square units
/* (feet or meters) to acres.

&setvar SpecCode = M079

&if %.Measure% = Meters &then
&goto Meters

&else
&goto Feet

&label Meters

&setvar Homerange =16188
&setvar DayPay =72
&setvar DispersePay =4500
&setvar AcreCalc  =4047

&goto Begin

&label Feet

&setvar Homerange =174240
&setvar DayPay =236

&setvar DispersePay =14765
&setvar AcreCalc  =43560

&label Begin

&setvar High =3
&setvar Medium =2
&setvar Low =1
&setvar None =0

/* The following global variables are declared in the menu:

~

* WHRgrid (WHR grid name): the name of the grid containing all
* the WHR information.

~

~

* .Bound (Boundary grid name): the grid containing only the
boundary of the coverage. All cells inside the boundary

~
*

12



/* have avalue of 1. All cells outside the boundary must
/* have avalue < 1.

/* 1D (ldentifier): a 1 to 4 character code used to identify
/* the files produced by this program. You may prefer

/* to use an abbreviation of the species' common name
/* (e.g. use fisl" for fisher).

[* .SizeOfCell (Cell size): the size (width) of the cells

/* used in the coverage grids. All grids used in the

/* analysis must have the same cell size.

/* .Measure: the units the coverage is measured in (feet or meters).

&type (2) Creating working grid of geometric means...

/* Create a Geometric Means grid (%.ID%Geom) for the species by
/* copying these values from the WHR grid.

%.1D%Geom = %.WHRgrid%.%SpecCode%_G
/*

&type (3) Changing %Medium% value cells to %High% value for Merge grid...
/* Create a grid (%.ID%Merge) merging Medium and High

/* value cells from the Geometric mean grid (%.1D%Geom),

/* while leaving the value of other cells (Low and None) unchanged.

/* Merge by changing the value of all medium cells to High.

/* This creates of grid of high value habitat (potential core) and

/* low value habitat.

%.1D%Merge = con(%.ID%Geom == %Medium%,%High%,%.ID%Geom)
/*

&type (4) Converting Merge grid zones into a Region grid...

/* Convert the zones of the merge grid (%.ID%Merge) into

/* unique regions (%.ID%Region). These will be used later

/* to create core, colony, and day-to-day areas. This allows

/* the calculation of areas of contiguous habitat.

%.1D%Region = regiongroup(%.ID%Merge)

/*
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&type (5) Calculating the area of Region grid zones...

/* Calculate the area of the zones (%.ID%ZoneArea) on the region
/¥ grid (%.ID%Region).

%.1D%ZoneArea = zonalarea(%.ID%Region)
/*
&type (6) Creating a Core Area grid...

/* Extract areas from the zonal area grid (%.ID%ZoneArea)

/* suitable for core areas (%.ID%Core). Core areas are defined
/* as the Medium+High zones in the merge grid (%.ID%Merge)
/* with an area of at least two home ranges (%oHomerange%).
[* Settheir value = 1.

if (%.I1D%Merge == %High% and %.ID%ZoneArea >= %Homerange% * 2)
%.ID%Core =1
endif

&if not [exists %.1D%Core -vat] &then
&goto END

/*
&type (7) Creating a Colony grid...

/* Extract areas from the zonal area grid (%./D%zoneArea)

/* possibly suitable for colonization (%.ID%ColTemp).

/* Colony areas are defined as Low or Medium+High zones

/* in the Merge grid (%.1D%Merge) with an area of between one
/* and two home ranges (Y%sHomerange%). Set their value = 1.

/* Then set all nodata values in the grid to zero (%.1D%Colony).

docell
if (%.ID%Merge == %High%)
if (%.1D%ZoneArea > %Homerange% and %.ID%ZoneArea < %Homerange% * 2)
%.ID%ColTemp =1
endif
endif
end

%.1D%Colony = con(isnull(%.ID%ColTemp),0,%.1D%ColTemp)

/*
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&type (8) Creating a Day-to-Day Use grid...

/* Create a grid based on the values in the zonal

/* area grid (%.ID%ZoneArea) and merge grid (%.ID%Merge)

/* suitable for day-to-day use (%.ID%DayToDay). Day-to-day use
/* areas are defined as Low if the area is less than two

/* homeranges in size or Medium+High zones in the

/* merge grid (%.ID%Merge) with an area of less than one home
/* range (%oHomerange%). Set their value = 1.

if (%.1D%Merge > %Low% and %.1D%ZoneArea <= %Homerange%) or ~
(%.1D%Merge == %Low% and %.ID%ZoneArea < %Homerange% * 2))
%.1D%DayToDay = 1
else
%.|D%DayToDay = 0
endif

/*

&type (9) Creating a Cost Grid based on habitat value...

/¥ Using the merge grid (%.ID%Merge), create a cost grid (%./D%Cost)
/* based on the habitat-value. Cost represents the relative

/* resistance a species has to moving across different quality
/* habitat: Habitat-value Cost

/* None 4
/* Low 2
/* Medium+High 1

if (%.1D%Merge == %None%)
%.1D%Cost = 4

else if (%.1D%Merge == %Low%)
%.1D%Cost = 2

else if (%.ID%merge == %High%)
%.ID%Cost = 1

endif

/*

&type (10) Calculating cost to travel from Core Areas...

/*  Calculate the cost to travel the distance (%.I1D%CostDist)

/*  from the nearest core area source (%.1D%Core) using the cost
/¥ grid (%.ID%Cost).

/*

%.1D%CostDist = CostDistance(%.ID%Core,%.ID%Cost)
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/*

&type (11) Calculating which Colony areas are Cost Effective...

/*
/*
/*

/*
/*

/*
/*

/*
/*

/*
/*

/*
/*
/*
/*

/*

If Colony Areas exist...
Find the areas in the Colony grid (%.1D%Colony) that could
be colonized from the core areas:

Assign costs to all cells in the Colony areas (%.1D%Colony)
from the Cost grid (%.1D%CostDist). Zero surrounding NODATA areas.

Make each colony a separate zone (%.ID%ZoneReg) using
the regiongroup command.

Use zonalmin to find the minimum cost to arrive at each
colony (%.1D%ZoneMin).

Set all NODATA cells to zero in %.ID%ZoneMin to produce
%.1D%ColZerl.

To find out which of the potential colonies can be utilized,
determine which have a cost that is equal to or less than
DispersePay. If the cost to get to a colony is less than

or equal to DispersePay, keep itin grid %.1D%Col.

Fill the null value areas in %.1D%Col with zeros to create %.1D%ColZer2

&if not [exists %.ID%ColTemp -vat] &then
&goto SkipColony

%.1D%ColDist = con(%.ID%Colony > 0,%.1D%CostDist,0)
%.1D%ZoneReg = regiongroup(%./D%Colony)

%.1D%ZoneMin = zonalmin(%.ID%ZoneReg,%.ID%ColDist)
%.1D%ColZerl = con(isnull(%.ID%ZoneMin),0,%.1D%ZoneMin)

if (%.1D%ColZerl <= %DispersePay% and %.ID%ColZerl > 0)
%.ID%Col = %.ID%Colony

else
%.ID%Col = %.ID%Core

endif

%.1D%ColZer2 = con(isnull(%./1D%Col),0,%.1D%Col)

/*

&type (12) Creating Core + Colony grid...
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/*
/*
/*
/*

If colonies exist....

Create a grid (%.1D%ColCore) that combines the core
(%.1D%Core) and colony (%.ID%Colony) grids.

This grid will be used to analyze day-to-day use.

if (%.ID%Colony == 1)
%.I1D%ColCore =1
else
%.1D%ColCore = %.ID%Core
endif

&label SkipColony

&type (13) Calculate cost to travel from Core and Colony Areas...

/*
/*
/*
/*
/*

If colonies exist...

Calculate the cost to travel the distance (%.1D%CostDis2)

from the nearest core or colony area source (%.1D%ColCore).
Otherwise just copy the %.1D%CostDist grid to use for Day-to-Day
analysis.

&if not [exists %.ID%ColTemp -vat] &then
%.1D%CostDis2 = %.1D%CostDist
&else %.1D%CostDis2 = CostDistance(%.ID%ColCore,%.ID%Cost)

/*

&type (14) Calculating which Day-to-Day areas are Cost Effective...

/*
/*
/*

/*
/*
/*

/*
/*

/*
/*
/*
/*

This step adds the utilized Day-to-Day cells to the
Core + Colony Area grid (%.1D%ColZer2) to produce the
%.ID%Day1 grid.

Use the Core + Colony Cost grid (%.I1D%CostDis2)to find out
what can actually be used day-to-day (any cell with
a cost of DayPay or less).

Retain any cell in the Day-to-Day grid (%.1D%DayToDay) with
a cost less than or equal to DayPay and greater than zero.

If the Distance-Cost grid (%.1D%CostDis2) = 0,
it is part of the Core or Colony Area and

should gets its value from Core + Colony Area
grid (%.1D%ColZer2).

&if not [exists %.ID%ColTemp -vat] &then
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&goto SkipCol2

if (%.1D%CostDis2 <= %DayPay% and %.ID%CostDis2 > 0)
%.1D%Day1 = %.ID%DayToDay

else
%.ID%Dayl = %.ID%ColZer2

endif

&goto Continue
&label SkipCol2
if (%.1D%CostDis2 <= %DayPay% and %.ID%CostDis2 > 0)
%.ID%Day1 = %.ID%DayToDay
else
%.I1D%Day1 = %.1D%Core
endif
&label Continue
&type (15) Finding Other Areas That May Be Utilized....
/*  This step picks up any large low value areas and any small
/*  medium or high value polygons that are imbeded
[* inthem.
/¥ First mark any low value areas with an area > HR * 2 to
/¥ create %.1D%Low using the Geometric mean (%./D%Geom) grid
/* and the Zone Area (%.I1D%ZoneArea) grid.
I* if %.ID%Low is all nodata, skip the rest of these steps.
/*  Add the medium and high grid cells thatare less than 1 HR in
/* size and are not used day-to-day to the %.ID%Low grid to
/*  create %.ID%LowPlus
/¥ Split all %.ID%LowPlus areas into separate regions (%./D%LowReqg)
/*  Calculate the area of the regions (%.ID%LowArea).
/*  Keep any region in %.ID%LowArea with an area > 2 homeranges (%.1D%Util).
/* Change any null values in %.ID%Util to zeros (%.ID%LowZero).
if (%.1D%Geom == %Low% and %.ID%ZoneArea >= %Homerange% * 2)

%.ID%Low =1
endif
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&if not [exists %.ID%Low -vat] &then
&goto SkipLow

if ((%.1D%CostDis2 >= %DayPay%) and (%.ID%Geom > 1) and ~
(%.1D%ZoneArea < %Homerange%))

%.ID%LowPlus = 1

else
%.ID%LowPlus = %.1D%Low

endif

%.1D%LowReg = regiongroup(%.ID%LowPIus)

%.1D%LowArea = zonalarea(%.ID%LowReg)

if (%.ID%LowArea >= %Homerange% * 2)
%.1D%Util = 1

else

%.1D%Util = 0
endif

%.ID%LowZero = con(isnull(%.1D%Util),0,%.ID%Util)

/*
&type (16) Adding other utilized habitat...

/¥ Add the Other Utilized habitat (%.ID%LowZero) to the %.ID%Day1 coverage
/*  to produce the %.ID%AIl coverage.

if (%.ID%LowZero == 1)
%.I1D%AIl = %.ID%LowZero
else
%.1D%AIl = %.ID%Day1
endif
&goto Value

&label SkipLow
%.1D%AIl = %.1D%Day1

&label Value
/*

&type (17) Creating a Value grid...
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%

~

*

~

*

~

/*

For any cell in %.1D%AIl that has a value of 1, store the suitability
value from the Geometric mean grid (%.ID%Geom) to the %.ID%Value grid.

Other cells inside the boundary (%.Bound%) get a value of O.

if (%.1D%AIl == 1)
%.ID%Value = %.ID%Geom

else if (%.Bound% == 1)
%.1D%Value =0

endif

/*

&type (18) Creating an HSI grid...

/*
/*
/*
/*
/*

/*

/*

/*

/*

/*

/*

/*

if Colonies exist....

For any cell that was part of a colony that is further than

3 times the HR radius (DayPay) away from a core area, set the suitability
to Low. Distant colonies lose value because of their small size.

This step produces grid %.I1D%Collow.

Set all NODATA values in %.1D%Collow to zero in %.1D%ColZer3.
Find any day-to-day use areas (%.1D%DayToDay) that are being
utilized (%.1D%ColZer3). If they are further than four homeranges
from a core area (%.1D%CostDist), they are utilized from a distant
colony and their value will be decreased to Low in %.1D%Day?2.

Then change nulls to zero in %.ID%ValZero

Keep all data within the boundary; call this final grid HSI.

&if not [exists %.ID%ColTemp -vat] &then

&goto SkipCol3

if (%.ID%ColZerl >= %DayPay% * 3)
%.1D%Collow = %Low%

else
%.1D%Collow = %.1D%Value

endif

%.1D%ColZer3 = con(isnull(%.1D%Collow),0,%.1D%Collow)
if (%.1D%CostDist > %DayPay% * 4) and (%.ID%ColZer3 > 0) and ~

(%.1D%DayToDay == 1))

%./D%Day2 = 1
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else
%.1D%Day?2 = %.ID%ColZer3
endif
&goto HSI
&label SkipCol3
%.1D%Day?2 = %.1D%Value
&label HSI
%.1D%valzero = con(isnull(%.1D%Day2),0,%.1D%Day?2)
if (%.Bound% == 1)
%.ID%hsi = %.ID%valzero
endif
/*
&type (19) Quiting from GRID and adding the acres field.....

/¥ Quit from GRID (Q), then run additem to add an acre item to
/¥ the HSI grid vat file (%ID%HSI.vat). Reindex on value when done.

Q

additem %.ID%HSI.vat %.ID%HSI.vat acres 10 10 i

indexitem %.1D%HSI.vat value

/*

&type (20) Calculating acres.....

/* Use INFO to calculate the acreage field: Multiply the number
/¥ of cells by the cell size squared and divide by the number of
/* square meters per acre (4047). Reindex on value when done.
&data arc info

arc

select %.ID%HSI.VAT

CALC ACRES = ( COUNT * %.SizeOfCell% * %.SizeOfCell% ) / %AcreCalc%
Q STOP

&END

indexitem %.1D%HSI.vat value

&goto NODELETE
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/*
&type (21) Killing all intermediate coverages before ending macro...

&label NODELETE
/* &goto OKEND
grid

kill %.ID%Geom

kill %.1D%Merge

kill %.I1D%Region
kill %.I1D%ZoneArea
kill %.1D%Core

kill %.1D%ColTemp
kill %.1D%Colony
kill %.1D%DayToDay
kill %.ID%Cost

kill %.ID%CostDist
kill %.1D%ColDist
kill %.I1D%ZoneReg
kill %.I1D%ZoneMin
kill %.1D%ColZerl
kill %.1D%Col

kill %.1D%ColZer2
kill %.1D%ColCore
kill %.1D%CostDis2
kill %.I1D%Day1

kill %.1D%Low

kill %.1D%LowPlus
kill %.1D%LowReg
kill %.1D%LowArea
kill %.1D% Uil

kill %.I1D%LowZero
kill %.I1D%AII

kill %.1D%Value

kill %.1D%Collow
kill %.1D%ColZer3
kill %.ID%Day2

kill %.ID%valzero

&goto OKEND

&label END
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&type **
&type **
&type NO CORE AREAS EXIST, EXITING MACRO
&type **
&type **

kill %.1D%Core

kill %.I1D%Region
kill %.1D%ZoneArea
kill %.1D%Merge

kill %.ID%Geom

quit

&label OKEND

&return
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